INTRODUCTION
rrHROUGH THE EFFORTS of a number of workers, especially of Mains' and Emsweller and J ones," it appeared in 1934 and 1935 as though the serious problem of rust on snapdragons would soon be solved. Some valuable commercial strains" had been released to the seed trade in 1931 and 1932, and development of others was proceeding at a rapid pace. Mains had warned of the possibility of the occurrence of physiologic forms' in the Antirrhinum rust (Puccinia antirrhini D. and H.) , but when in 1936 the so-called "resistant" snapdragons began to show severe symptoms of rust, especially in the Salinas Valley, the question was raised by commercial seed growers as to whether this was due to a "breakdown" in the resistance resulting from breeding and cultural practices. Yarwood," however, clearly demonstrated that the susceptibility of the resistant strains was due to the presence of one or more different forms of the rust, which evidently had not been prevalent before that time in the district where the earlier work had been done.
The purpose of this paper is to place on record the results of trials conducted during the seasons of 1937 and 1938, in an attempt to locate species, varieties, or strains of Antirrhinum immune, or at least highly resistant, to new as well as old forms of rust. It was hoped that, if such an Antirrhinurn strain could be found, it might be used in the breeding of resistant or immune types suitable for floriculture and ornamental gardening.
This work is in part a continuation of that started by Emsweller and Jones. During the first season, 1936-37, the work was conducted through Elaborate, detailed attempts to identify or verify the species in our trials has not been undertaken, although some self-evident examples of misnamed species have been corrected. For the most part, the species have been grown under the name under which they were received.
Of the commercial strains used, some were selected from the older standard rust-susceptible varieties (designated by "S" in the tables), in order to provide adequate checks for the resistant (designated by "R") strains and new species. A plus or minus sign following the "S" or "R" indicates "highly resistant" or "fairly resistant" as the case may be, as reported by the donor.
The seed for the strains tested in 1937 was sown in the greenhouse at January, 1941] 
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Davis in the winter of 1936-37 and carefully guarded from possible rust infection until the plants were large enough for transplanting; the young plants were then shipped to various localities in the state. Strains were tested at twelve localities, in 1937, but all strains were not grown at each locality. Eleven of these localities are listed in table 1. Unfortunately the trials at Eureka in the northern part of the state were a complete failure owing to lack of care, but the other trials were well cared for and gave very definite results. The strains tested in 1938 were started under glass in Berkeley, where the same precautions were taken to prevent rust infection before transplanting, as were taken at Davis.
In 1937, twenty-five plants of each strain were used in the trials, except at Berkeley, Davis, and San Jose, where smaller numbers of certain strains were sometimes used because of insufficient plants, due to poor germination or other causes. The greatest number of accessions, however, were grown at the three localities just mentioned. These three places fairly well covered the range in climate from the relatively hot interior Sacramento Valley at Davis to the cool coastal situation at Berkeley, with an intermediate climate at San Jose.
Because the rust reaction of the various snapdragon strains had been similar in Berkeley and San Jose to what it was in the coastal and inland areas, respectively, in 1937, the trials were restricted to these two localities in 1938. Further reason for thus restricting the trials was that as much information regarding rust reaction could be obtained from smaller numbers of plants.
The plantings at Berkeley were thoroughly inoculated with a mixture of the rusts growing in the Salinas Valley and at Berkeley; in 1937 the inoculations were made twice, first after the plants were about half grown and again just before blooming; and in 1938 once only, just before blooming. No inoculations were made at any of the other localities; the plants were grown normally in the garden or field and were given no special treatment.
All trials were examined at least three times during the season. The ratings with respect to variability and rust reaction are generally those last observed. Whenever the variability was great-that is, 3-the amount of rust given represents the approximate average of all plants in that row at the time the observation was recorded.
RESULTS OF TRIALS
A comprehensive summary of the results of these trials is given in tables 1 and 2, for the 1937 trials, and in tables 3 and 4 for the 1938 trials.
With the exception of Berkeley mentioned above, these tables give the 
Benth. Only one plant reached maturity; it showed medium infection at Berkeley. Hilgardia [VOL. 13, No. 10 reactions of the various strains under natural conditions at the localities where they were tested.
Although certain reservations and qualifications should be made in some cases, because all strains were not tried in all localities, and because of the necessary condensation of the information in the tables, yet, in • Amount of rust reaction ranges from 0, no rust, to 10, the plants either covered with rust or killed by it.
t Variability ranges from 1, uniform reaction of all plants within the strain, to 3, almost clean and heavily rusted plants in the same strain.
t Dashes indicate that the strain or species was not on trial in that locality. § Rust pustules mostly on seed pods. summarizing the two years' trials as a whole and speaking in general terms, the following statements seem justified.
Susceptibility of Strains Tested.-No commercial strain tested where conditions for infection were severe, was found to be immune to rust. Some strains of certain species appeared to be immune during the limited trials to which they were subjected, but it is by no means certain that these same strains would not have become infected had it been possible to subject them to more extensive trials, or to the more severe conditions encountered at Guadalupe.
Several strains, however, both of eommcrcial selections and of distinct t Amount of rust reaction ranges from 0, no rust, to 10, the plants either covered with rust or killed by it.
t Variability ranges from 1, uniform reaction of all plants within the strain, to 3, almost clean and hea vily rusted plants in the same strain. § These two strains are quite different things. , Dashes indicate that the strain or species was not on trial in that locality. " D indicates plants died in the field before observations could be made. ** F indicates failure of the seed to germinate or failure of seedlings before transplanting.
tt Collected in its native habitat.
U Not A. glutinosum. § § Doubtful identity. " Looks like A. majus, nanum grandijlorum type. species, were found to exhibit considerable resistance; so much so, in fact, that apparently little injury was sustained with respect to the seed set, although the plants themselves in some cases were noticeably infected. By comparing results for the different localities and, "There possible, for the two years, it may be observed from the tables that the most outstanding lines in this respect are, among the commercials, Michigan Agricultural Experiment Station's nos. 3 and 4, and Waller-Franklin's nos. 3 and 4. Among the species, the most outstanding in resistance and seed set proved to be : These species, however, are so far removed taxonomically from Antirrhinum maju« that it is doubtful whether they will be of much value in a breeding program.
It is interesting to compare this list of resistant species with those enumerated by Mains." He also found Antirrhinurn Ibanjezii, A. Asarina, and A. maurandioides highly resistant; but A. Oroniium, which he found "moderately resistant," was found to be uniformly highly resistant in these trials. His strain of A. Barrelieri was susceptible, as were both our strains, but he reports A. glandulosurn as being susceptible, whereas we found the native A. glandulosum completely immune in 1938. Also the differences in rust reaction between the various strains of the different species, noted by Mains, showed up prominently in our trials. This was especially noticeable with A. siculurn in 1937 A. siculurn in and 1938 A. siculurn in and with A. Ibanjezii and A. glutinosunt in 1938 . Also the differences in rust reaction between the various strains of the different species, noted by Mains, showed up prominently in our trials. This was especially noticeable with A. siculum in 1937 A. siculum in and 1938 A. siculum in and with A. Ibanjezii and A. glutinosum in 1938 Effect of Climate on Rust Reaction.-Until fairly late in the season of 1937-after the middle of September-practically no rust was found on any of the strains in trials at Davis and Chico, and only a little on some strains at Sacramento. Apparently the low humidity and high temperature, such as were encountered there that season, were not conducive to rust development. After cool weather set in, however, there appeared an almost perfect differentiation in the three SacramentoValley localities: strains which had been sent to us as "resistant" were immune, while "susceptible" strains were all rusted. None of the wild species sent us were designated "susceptible" or "resistant," but the rust reaction discussed here was consistent with that in other localities for the wild species that were tried. Although infection was much less serious at Chico and at Davis than at Sacramento, comparable rust reactions of the various strains were plainly consistent. From this it seemed clear that there was only one rust strain present in these three localities during the 1937 trials.
The relation between temperature and humidity and extent of rust infection and damage was also noticeable in the 1938 trials at Berkeley and San Jose. In only two cases, those of Antirrhinum Ibanjezii and A. siculum, were there heavier infections at San Jose than there were at Berkeley, in all others, infections were the same or lighter at San Jose, where temperatures are higher and humidity lower.
Severity of Test at Guadalupe.-The heaviest infection in 1937 was at Guadalupe. Most of the strains were killed in this trial, and those that did survive until late in the season were badly injured. From the standpoint of testing rust resistance, this locality also proved to furnish the most severe test of any of the eleven localities where trials were grown. Mains (see footnote 9) also mentions that Guadalupe provided a very severe test for rust reaction in 1929.
But right here an interesting yet unsolved problem arises. In 1936, surveys made during field trips by the authors showed that rust infection at Guadalupe was very light while at Lompoc, some 30 miles south, the rust infection was so heavy that Antirrhinum seed crops were seriously damaged.
Yet, in 1937, the year these trials were grown in the two localities, conditions of rust infection were completely reversed: Lompoc showed an extremely light infection, while the crops at Guadalupe were damaged severely. Why the rust epidemic should vary so from year to year and be opposite in extent in t\VO localities so close to each other and with such similar climates, is not known.
Evidently other forces than those exerted by hereditary factors play a role in determining the relative severity of rust infection.
Consistency of Rust Reaction.-The behavior relative to rust reaction of any given strain, as compared with others used in these trials, was fairly consistent in the different localities, with the exceptions noted above in the trials at the three Sacramento Valley localities. That is, a strain which was highly resistant at Berkeley or Guadalupe gave a very similar reaction in all other places, while the very susceptible strains showed approximately the same degree of susceptibility wherever they were grown except at Davis, Sacramento, and Chico, where only the "susceptible" commercials showed any rust and they only late in the season. The fact that only the "susceptible" strains became infected late in the season at Davis, Sacramento, and Chico, but that this infection was heavy indicates that only the earlier known form or the more virulent form of rust was present in the Sacramento Valley, and that it did little damage until the weather became cool enough for it to become established.
Comparison of Rust Reaction with Seed Yields.-Fairly heavy seed yields were obtained in some strains in spite of rather severe rust infection, while very poor yields were obtained in other cases with a fairly high degree of resistance. Poor seed yield associated with a high degree of resistance was especially noticeable in several strains obtained from experiment stations. Apparently those strains had been selected for resistance to the rust with little regard to the factors concerned with seed yield.
Wind as a Factor in Spread of Rust.-Results of the trials indicate that wind aids rust dissemination to a very great extent. This is shown by the fact that in all trials the rust infection was greater on the leeward side, away from the wind, and noticeably less on the windward side, towards the wind; and this statement seems to hold, whether for single plants, single rows, or for a series of rows.
DISCUSSION
The occurrence of two or more forms of Antirrhinurn rust is what one might readily suspect in the light of the difficulties encountered by the cereal breeders in producing rust-resistant small grains. But why the additional form of rust did not appear until approximately three years after several so-called "resistant" strains of snapdragon had been developed and introduced, and why it then became noticeable only in certain localities along the coast-that is, at Salinas, Guadalupe, and Lompocis a perplexing problem. This phenomenon might be accounted for on the basis of mutation or by hybridization among the rust fungi, and this explanation seems reasonable since the "newer" forms of rust were first observed at Salinas, then at Guadalupe, and later at Lompoc. While discussing this problem early in 1937, Walter Lammerts of Ontario, California, presented what seems to be a plausible explanation. He was of the opinion that possibly the "newer" forms of rust had been present in these localities for some time, but had been unnoticed until the so-called "resistant" strains of snapdragon were introduced, because these rust forms were slower in action than those which so severely attacked the older-type, susceptible snapdragons. Yet if the various forms of rust had been prevalent in California for some time, there should not January, 1941] Blodgett-Jlehlquist: Snapdragon Rust-Resistance Trials 581 SUIVIMARY have occurred the extremely noticeable differentiation among the Aniirrhinum strains which was observed at Sacramento, that is, the "newer" forms of rust should have been present there also. On the other hand, the explanation suggested by Lammerts seems more likely because, in the most resistant strains of Aniirrhinum, the rust apparently does not cause severe damage until late in the season, so late in fact, that it only slightly interferes with seed production. Whatever the origin or mode of action of the different rust forms, the fact remains that from now on the development of rust-resistant commercial snapdragons does not present a simple problem in plant breeding.
No commercial variety tested in two or more localities was found to be immune to rust (Puccinia antirrhini D. and H.), but several proved to be highly resistant.
The species Antirrhinu1n Asarina, A. chrysothales, A. glandulosum, A. maurandioides, A. Orontium, A. Ibanjezii, and A. sriculum were found to be highly resistant. These species, however, are so far removed taxonomically from A. majus that it is doubtful whether they will be of much value in a breeding program.
The results indicate that the second form of rust has not yet appeared in the Sacramento Valley; possibly it is confined to the coast areas.
